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Key Points

• With longer follow-up,
zanubrutinib showed
durable disease control
(2-year DOR rate of
72.9%) in patients with
R/R MZL.

• Atrial fibrillation/flutter
and hypertension were
uncommon, constituting
an improvement over
earlier-generation BTK
inhibitors.
The primary analysis of MAGNOLIA, an open-label, single-arm, multicenter, phase 2 study,

demonstrated that the next-generation Bruton tyrosine kinase (BTK) inhibitor zanubrutinib

provided a high overall response rate (ORR) in patients with relapsed/refractory marginal

zone lymphoma (R/R MZL), with a favorable safety/tolerability profile. Presented here, is the

final analysis of MAGNOLIA, performed to characterize the durability of response and longer-

term safety and tolerability. Zanubrutinib (160 mg twice daily) was evaluated in 68 patients

with R/R MZL who had received at least 1 anti-CD20–directed regimen. The primary end point

was independent review committee (IRC)-assessed ORR. Secondary end points included

investigator-assessed ORR, duration of response (DOR), progression-free survival (PFS),

overall survival (OS), health-related quality of life, safety, and tolerability. With a median

follow-up of 27.4 months, the IRC-assessed ORR was 68.2% (95% confidence interval [CI],

55.6-79.1), with a 24-month DOR event-free rate of 72.9% (95% CI, 54.4-84.9). PFS and OS at

24 months were 70.9% (95% CI, 57.2-81.0) and 85.9% (95% CI, 74.7-92.4), respectively. The

zanubrutinib safety profile was consistent with the primary analysis, with no new safety

signals observed. Atrial fibrillation/flutter (n = 2 [2.9%]) and hypertension (n = 3 [4.4%]) were

uncommon. Neutropenia (n = 8 [11.8%]) was the most common grade ≥3 adverse event. In

this final analysis of MAGNOLIA, zanubrutinib demonstrated sustained clinical responses

beyond 2 years, with 73% of responders alive and progression free. Zanubrutinib continued

to demonstrate a favorable safety/tolerability profile with the additional time on treatment.

This trial was registered at www.clinicaltrials.gov as #NCT03846427.
2023; prepublished online on Blood
ber 2023. https://doi.org/10.1182/
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Introduction

Marginal zone lymphoma (MZL) is an indolent non-Hodgkin lym-
phoma, which accounts for ~7% of mature B-cell non-Hodgkin
lymphoma and has 3 main subtypes: (1) extranodal MZL of
mucosa-associated lymphoid tissue, which is the most common,
occurring in ~60% of cases; (2) nodal MZL, occurring in ~30% of
cases; and (3) splenic MZL, occurring in ~10% of cases.1,2

Conventional treatments for relapsed/refractory (R/R) MZL
include immunotherapy (eg, rituximab), chemoimmunotherapy
(eg, rituximab/cyclophosphamide/vincristine/prednisolone [RCVP],
rituximab/cyclophosphamide/doxorubicin/vincristine/prednisone
[RCHOP]), bendamustine plus rituximab, and lenalidomide plus
rituximab.3 In recent years, advances in the understanding of MZL
have revealed the importance of the B-cell receptor signaling
pathway and the involvement of Bruton tyrosine kinase (BTK) in
the B-cell receptor’s downstream transduction pathway.4 This led
to the development and approval of the first BTK inhibitor, ibru-
tinib, which changed the treatment landscape for indolent B-cell
malignancies.3,5 However, ibrutinib is associated with significant
toxicity including cardiac toxicity and hemorrhage6-9; with 17% of
patients in a phase 2 study of ibrutinib for the treatment of R/R
MZL discontinuing treatment because of adverse events (AEs).7

Zanubrutinib is an irreversible, next-generation, covalent BTK
inhibitor, developed to ensure greater BTK specificity, thereby
minimizing off-target inhibition of epidermal growth factor receptor
and TEC family kinases and the associated toxicities.10 In the pri-
mary analysis of this phase 2 MAGNOLIA study in 66 patients with
R/R MZL who were evaluable, and a median follow-up of
15.7 months, zanubrutinib demonstrated efficacy (independent
review committee [IRC]-assessed overall response rate [ORR],
68.2%; complete response [CR], 25.8%; and median duration of
response [DOR] and median progression-free survival [PFS] were
not reached) and a favorable safety/tolerability profile.11 Based on
these early data, zanubrutinib was approved in the United States
(accelerated approval), Canada, and the European Union for the
treatment of patients with R/R MZL who have received at least 1
anti-CD20–directed regimen.11-14

Here, we present the final analysis of the MAGNOLIA study with a
median follow-up of an additional 12 months to characterize the
durability of response and longer-term safety and tolerability of
zanubrutinib in patients with R/R MZL.

Methods

Study design

The study methods, including study design and treatment, full
inclusion/exclusion criteria, end points, and statistical analyses have
been published previously.11 Briefly, MAGNOLIA (clinicaltrials.gov;
#NCT03846427) is an open-label, single-arm, multicenter, phase 2
study evaluating the efficacy and safety of zanubrutinib for the
treatment of patients with R/R MZL who had received at least 1 anti-
CD20–directed regimen.

The study was conducted in accordance with the ethical principles
of the Declaration of Helsinki, the International Council for Har-
monisation of Technical Requirements for Pharmaceuticals for
Human Use Guideline for good clinical practice, and all applicable
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local regulatory requirements. All patients provided written
informed consent. All authors had access to the data.

Patients

Eligible patients were aged ≥18 years with R/R MZL, had previ-
ously received at least 1 anti-CD20–directed regimen, had
measurable disease (≥1 nodal lesion of >1.5 cm in the longest
diameter and/or ≥1 extranodal lesion of >1.0 cm) by computed
tomography (CT) or magnetic resonance imaging, were in need of
systemic therapy for MZL in the opinion of the study investigator,
had an Eastern Cooperative Oncology Group performance status
score of 0 to 2, and had adequate bone marrow (BM) and organ
function. Patients were excluded if they had previously received a
BTK inhibitor, were receiving a strong CYP3A inhibitor/inducer,
had central nervous system MZL involvement, had a known trans-
formation to aggressive lymphoma, had clinically significant car-
diovascular disease, or had active infection. Patients receiving
antiplatelet therapy and/or anticoagulants, including warfarin, were
eligible.

Patients with Waldenström macroglobulinemia were not eligible.
To assess for Waldenström macroglobulinemia, serum protein
electrophoresis was required at screening. Patients with a mono-
clonal spike (M spike or paraprotein) were required to have an
MYD88 mutational analysis. In addition, histologic review by an
independent central laboratory was performed for all enrolled
patients to confirm the diagnosis of MZL.

Procedures and end points

All patients received oral zanubrutinib (160 mg twice daily), until
disease progression, unacceptable toxicity, or patient withdrawal.
Disease response was assessed in accordance with the Lugano
classification for non-Hodgkin lymphoma.15 Positron emission
tomography (PET)-based criteria for patients with fluorodeox-
yglucose (FDG)-avid disease were used, whereas CT-based criteria
were used for non–FDG-avid disease. Scans were performed at
screening, weeks 12, 24, 36, and 48, and every 24 weeks thereafter.
At screening, BM assessment was required whereas endoscopy
was optional for patients with gastrointestinal (GI) involvement.
Repeat BM and/or endoscopy were required for confirmation of CR
in patients with BM and/or GI involvement at baseline.

The primary efficacy end point was IRC-assessed ORR, defined as
the proportion of patients who achieved a best overall response of
partial response (PR) or CR. Secondary efficacy end points
included investigator-assessed ORR, DOR (time [months] from
first PR or CR to disease progression or death), PFS (time
[months] from first dose of zanubrutinib to disease progression or
death), and overall survival (OS; time [months] from first dose of
zanubrutinib to death).

Health-related quality of life was assessed using the European
Organisation for Research and Treatment of Cancer Quality of Life
Questionnaire-C30 (EORTC QLQ-C30) and the EuroQol 5-
dimension 5-level questionnaire (EQ-5D-5L).16,17 These patient-
reported questionnaires were completed before the first dose of
zanubrutinib, at the end of treatment cycle 3, every 12 weeks for
the next 12 months, then every 24 weeks thereafter. Both the
EORTC QLQ-C30 and the EQ-5D-5L global scales range from
0 to 100, with 0 representing the worst possible health status/
quality of life, and 100 representing the best.
28 NOVEMBER 2023 • VOLUME 7, NUMBER 22
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Safety/tolerability was assessed from the first treatment day until
30 days after the last dose of zanubrutinib, and included the
monitoring of AEs, clinical laboratory parameters, and vital signs.
AE severity was graded per the National Cancer Institute Common
Terminology Criteria for Adverse Events (version 4.03), and AEs
were coded using Medical Dictionary for Regulatory Activities ter-
minology (version 24.0). AEs of special interest were defined based
on the known and theoretical toxicities associated with the BTK
inhibitor class; these included bleeding (minor and major hemor-
rhage), hypertension, atrial fibrillation and flutter, second primary
malignancies (including skin cancers), tumor lysis syndrome,
infections (including opportunistic infections), and cytopenia (eg,
neutropenia, thrombocytopenia, and anemia).

In a biomarker substudy by the Australasian Leukaemia & Lym-
phoma Group, whole-exome sequencing was performed, focusing
on 48 genes currently known to be mutated in MZL.18

Statistical analysis

The study planned to enroll ~65 patients to provide 82% power to
detect a significant difference with a predicted ORR of 48% for
zanubrutinib (predicted ORR based on previously published data
for ibrutinib6) against a null hypothesis ORR of 30%.

Efficacy analyses were performed using the efficacy analysis set,
defined as all patients enrolled in the study who received at least 1
dose of zanubrutinib and had a centrally confirmed diagnosis of
MZL. For the primary efficacy end point (IRC-assessed ORR per
Lugano classification), superiority against the null hypothesis was
evaluated using a binomial exact test with a 1-sided significance
level of .025. For PFS, DOR, and OS, Kaplan-Meier analyses were
used to determine medians, event-free rates, and 95% confidence
intervals (CIs), with reverse Kaplan-Meier analyses used to deter-
mine follow-up times. A sensitivity analysis was performed (efficacy
analysis set) to evaluate disease response via the CT-based
Lugano criteria, regardless of PET status at baseline. Health-
related quality of life was analyzed using data from all patients in
the efficacy analysis set who had a baseline and at least 1 post-
baseline measurement.

Safety analyses were performed using the safety analysis set,
defined as all patients enrolled in the study who received at least 1
dose of zanubrutinib. Safety data were summarized using standard
descriptive statistics (absolute values and percentages), as were
quality of life measures.

Predefined subgroup analyses were performed on the primary
efficacy end point (using the same methodology) in subgroups of
patients defined by baseline characteristics including age, dis-
ease subtype and stage, Eastern Cooperative Oncology Group
performance status, prior therapies, R/R status, and disease
bulk.

Results

Patients and baseline characteristics

The MAGNOLIA study enrolled and treated 68 patients at 31 sites
across 9 countries (Australia, China, Czech Republic, France, Italy,
New Zealand, South Korea, the United Kingdom, and the United
States) between February 2019 and January 2020. The data
cut-off date for this final analysis was 4 May 2022. All 68 patients
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were included in the safety analysis set, whereas 66 (97.1%)
patients had a centrally confirmed diagnosis of MZL and were
therefore included in the efficacy analysis set. At study completion,
34 (50.0%) patients remained on treatment: 31 (50.0%) patients
rolled over into a long-term extension study (ClinicalTrials.gov;
#NCT04170283), 3 (4.4%) patients were being treated with
zanubrutinib but did not enroll in the long-term extension study; and
34 (5.650.0%) were off treatment. Twenty-four (35.3%) patients
discontinued zanubrutinib because of investigator-assessed dis-
ease progression, and 5 (7.4%) discontinued because of AEs
(supplemental Figure 1).

Most patient baseline demographics and characteristics have been
published previously.11 Briefly, the median age was 70 years
(interquartile range [IQR], 59.5-77.0) and 19 (27.9%) patients
were aged ≥75 years (supplemental Table 1). The same proportion
of patients had extranodal and nodal MZL subtypes (n = 26 [38.2%
for each]; 73.1% [19 of 26] patients with extranodal MZL had
nongastric/noncutaneous disease), 12 (17.6%) patients had
splenic MZL, and 4 (5.9%) presented with both nodal and extra-
nodal lesions, meaning investigators were unable to classify the
primary subtype. The majority of patients had FDG-avid disease
(n = 61 [89.7%]), stage III/IV disease (n = 59 [86.8%]), or extra-
nodal site involvement (n = 53 [77.9%]). The median number of
prior therapies was 2 (IQR, 1.0-3.0), and 22 (32.4%) patients had
disease refractory to their last therapy; most patients (n = 61
[89.7%]) received chemoimmunotherapy whereas 7 (10.3%)
patients received rituximab as their only prior treatment. The
median duration of study follow-up was 28.0 months (IQR, 24.9-
30.5), the median duration of treatment was 24.2 months (IQR,
7.2-29.3), and the median number of treatment cycles was 26.3
(IQR, 7.8-31.9).

Efficacy

The IRC-assessed ORR was 68.2% (95% CI, 55.6-79.1; P < .001
vs the null hypothesis), with a CR rate of 25.8% (n = 17) and PR
rate of 42.4% (n = 28), consistent with the primary analysis.11

Efficacy was observed across all MZL subtypes, with an ORR of
76.0% in patients with nodal MZL, 66.7% in those with splenic
MZL, and 64.0% in those with extranodal mucosa-associated
lymphoid tissue (Table 1). Median time to overall response was
2.8 months, as shown in Table 1. Median time to CR was
2.9 months (IQR, 2.8-5.5) in the total population, and 3.0 months
(IQR, 2.7-3.8) in patients with nodal MZL, 6.3 months (IQR, 6.3-
6.3) in the patient with splenic MZL, and 2.9 months (IQR, 2.8-5.3)
in those with extranodal mucosa-associated lymphoid tissue. A
sensitivity analysis of IRC-assessed ORR based on CT assess-
ments showed an ORR of 66.7% (95% CI, 54.0-77.8) and a CR
rate of 24.2% (Table 2). Investigator-assessed ORR was slightly
higher than IRC-assessed ORR (Table 2).

Median PFS and DOR were not reached at a median follow-up of
27.4 months (IQR, 16.5-not reached) and 23.4 months (IQR, 23.8
to not reached), respectively. At 24 months, PFS and DOR rates
were 70.9% (95% CI, 57.2-81.0) and 72.9% (95% CI, 54.4-84.9),
respectively (Figure 1A-B). PFS rates at 24 months were higher in
those with nodal MZL and extranodal mucosa-associated lymphoid
tissue than in those with splenic MZL. Of patients with a response,
78.0% of those with nodal MZL and 74.6% of those with extra-
nodal mucosa-associated lymphoid tissue maintained the response
ZANUBRUTINIB FOR R/R MARGINAL ZONE LYMPHOMA 6803
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Table 1. Summary of IRC-assessed disease responses by MZL subtypes (efficacy analysis set)

Extranodal (MALT) (n = 25) Nodal (n = 25) Splenic (n = 12) Unknown* (n = 4) Total† (N = 66)

ORR, % (95% CI)‡ 64.0 (42.5-82.0) 76.0 (54.9-90.6) 66.7 (34.9-90.1) 50.0 (6.8-93.2) 68.2 (55.6-79.1)

Best overall response, n (%)

CR 10 (40.0) 5 (20.0) 1 (8.3) 1 (25.0) 17 (25.8)

PR 6 (24.0) 14 (56.0) 7 (58.3) 1 (25.0) 28 (42.4)

Stable disease 4 (16.0) 5 (20.0) 3 (25.0) 1 (25.0) 13 (19.7)

Progressive disease 3 (12.0) 1 (4.0) 1 (8.3) 1 (25.0) 6 (9.1)

Nonprogressive disease§ 1 (4.0) 0 0 0 1 (1.5)

Discontinued study before first assessment 1 (4.0) 0 0 0 1 (1.5)

Median time to response, mo (IQR) 2.8 (2.7-2.9) 2.8 (2.7-3.8) 3.6 (2.7-6.0) 2.7 (2.6-2.8) 2.8 (2.7-3.7)

MALT, mucosa-associated lymphoid tissue.
*These patients presented with both nodal and extranodal lesions; therefore, the study sites were unable to classify the MZL subtype.
†Two patients were excluded from the efficacy analysis set because central review determined their diagnosis as diffuse large B-cell lymphoma.
‡95% CIs were calculated using 2-sided Clopper-Pearson methodology.
§One patient was classified as having “nonprogressive disease” because of a missed PET scan at cycle 3 (CT scan showed stable disease).
at 24 months. Response duration was not reached in the splenic
MZL subgroup (supplemental Figure 2). A larger proportion of
patients who attained a CR were progression free and alive at
24 months (76.5% [13 of 17] of patients; PFS rate, 87.4%)
compared with patients who did not attain a CR (40.8% [20 of 49]
of patients; PFS rate, 64.7%). The estimated 24-month OS rate
was 85.9% (95% CI, 74.7-92.4) (Figure 1C). The highest 24-
month survival rates were observed in patients with extranodal
mucosa-associated lymphoid tissue (91.7%) or splenic MZL
(91.7%), and the lowest rate was seen in patients with nodal MZL
(80.0%; supplemental Figure 2).

Seventeen patients (25.8%) started a new anticancer therapy
for MZL. At 24 months, 74.5% (95% CI, 61.7-83.6) of patients
had not started a new anticancer treatment for MZL. The median
time to next line of therapy was not reached (IQR, 20.7-not
reached).

IRC-assessed ORRs for prespecified subgroups are presented
in Figure 2. Response rates higher than those seen in the overall
study population were observed in several patient subgroups,
Table 2. Summary of disease responses (efficacy analysis set)

IRC-assessed by PET

and/or CT (n = 66)*

ORR, % (95% CI)† 68.2 (55.6-79.1)

Best overall response, n (%)

CR 17 (25.8)

PR 28 (42.4)

Stable disease 13 (19.7)

Progressive disease 6 (9.1)

Nonprogressive disease‡ 1 (1.5)

Discontinued study before first assessment, n (%) 1 (1.5)

Median time to response, mo (range) 2.8 (1.7-11.1)

*Two patients were excluded from the efficacy analysis set because central review determined
†95% CIs were calculated using 2-sided Clopper-Pearson methodology.
‡One patient with FDG-avid disease who missed the PET scan at cycle 3 and was assessed a
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including those who traditionally respond poorly to therapy.19

Specifically, higher response rates were observed in the
following subgroups: patients aged ≥75 years (94.4%), male
patients (83.3%), patients with >2 years since last antilymphoma
therapy (79.3%), patients with relapsed disease (72.1%),
patients with at least 1 target lesion of >5 cm (79.2%), patients
with nodal MZL subtype (76.0%), patients with stage IV disease
(70.0%), patients who received prior treatment with rituximab
monotherapy (100.0%), and patients who received prior treat-
ment with RCVP (80.0%).

Biomarker substudy

Whole-exome sequencing was performed at baseline in 17
patients treated with zanubrutinib. Patients with mutations in genes
associated with the NF-κB pathway (MYD88 or TNFAIP3 muta-
tions [n = 8]) had longer PFS compared with those with a wildtype
phenotype (n = 9): median PFS was not reached vs 11.1 months,
respectively; P = .008 (hazard ratio 0.09; 95% CI, 0.01-0.52). Two
patients with disease progression on therapy also had acquired
BTK and PLCy2 mutations.18
IRC-assessed by

CT only (n = 66)*

Investigator-assessed

by PET and/or CT (n = 66)*

66.7 (54.0-77.8) 75.8 (63.6-85.5)

16 (24.2) 19 (28.8)

28 (42.4) 31 (47.0)

16 (24.2) 10 (15.2)

5 (7.8) 5 (7.8)

0 0

1 (1.5) 1 (1.5)

3.0 (1.8-22.2) 2.8 (1.7-16.6)

their diagnosis as diffuse large B-cell lymphoma.

s nonprogressive disease (CT scan showed stable disease).

28 NOVEMBER 2023 • VOLUME 7, NUMBER 22
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Figure 1. Kaplan-Meier analyses. (A) PFS, (B) DOR, and (C) OS (efficacy analysis set). NR, not reached.
Health-related quality of life

Global EORTC QLQ-C30 and EQ-5D-5L scores indicated an
improvement from baseline in patient health status/quality of
life, which was observed at cycle 3 of treatment and was
broadly maintained throughout the study (Figure 3A-B). The
28 NOVEMBER 2023 • VOLUME 7, NUMBER 22
greatest improvements in both patient-reported questionnaires
occurred during cycles 18 to 24 (18-24 months), during which
the mean (standard deviation) EORTC QLQ-C30 scores were
10.7 (18.5) and 9.3 (19.3) points above baseline at cycles 18
and 24, respectively, and the mean (standard deviation) EQ-
ZANUBRUTINIB FOR R/R MARGINAL ZONE LYMPHOMA 6805
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Figure 3. Mean change from baseline over time. (A)

EORTC QLQ-C30 and (B) EQ-5D-DL global health

status/quality of life scores (efficacy analysis set).
5D-5L visual analog score was 5.6 (17.7) points above base-
line at cycle 18.

Safety/tolerability

All patients (n = 68) reported at least 1 treatment-emergent AE of
any grade, irrespective of relationship to treatment (Table 3).
The most common AEs occurring in ≥10% of patients were
contusion (n = 16 [23.5%]), diarrhea (n = 15 [22.1%]), and con-
stipation (n = 12 [17.6%]). Grade ≥3 AEs occurred in 33 (48.5%)
patients, with neutropenia/neutrophil count decrease (n = 8
[11.8%]) and COVID-19 pneumonia (n = 4 [5.9%]) occurring in
≥5% of patients (Table 3).

Grade ≥3 AEs of special interest were infrequent (Table 4). The
only specific infection reported in >5% of patients was COVID-
19. A grade 3 GI bleed occurred in 1 patient who was receiving
concomitant enoxaparin and rivaroxaban for a bilateral pulmo-
nary embolism. The patient recommenced zanubrutinib once the
Figure 2. IRC-assessed ORR in prespecified subgroups (efficacy analysis set). Fi

CHOP, cyclophosphamide + doxorubicin + vincristine + prednisone; ECOG, Eastern Coop

nodal marginal zone lymphoma; R, rituximab; SMZL, splenic marginal zone lymphoma.
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hemorrhage had subsided and experienced no recurrent
bleeding. New-onset grade 3 hypertension was reported in 2
(2.9%) patients; atrial fibrillation (grade 3), atrial flutter (grade 2),
and ventricular extrasystole (grade 2) occurred in 1 (1.5%)
patient each. The atrial fibrillation occurred 21 days after the last
dose of zanubrutinib and after disease progression, in a patient
with a preexisting history of atrial fibrillation. Grade ≥3 anemia
was reported in 2 (2.9%), neutropenia in 8 (11.8%), and
thrombocytopenia in 3 (4.4%) patients. The median time to
onset of anemia, neutropenia, and thrombocytopenia (all grades)
was 102.5 days (IQR, 64.0-108.5), 86.0 days (IQR, 45.0-339.0),
and 84.0 days (IQR, 28.0-343.0), respectively. Three (4.4%)
patients had dose interruptions for neutropenia whereas 4
(5.9%) received growth factor support. No platelet transfusions
were required for thrombocytopenia. No patient discontinued
zanubrutinib because of cytopenia, cardiac arrhythmia, or
bleeding events. There were no reports of tumor lysis syndrome
or febrile neutropenia.
gure is adapted and updated from Opat S et al.11(Fig2) BR, bendamustine + rituximab;

erative Oncology Group; LDi, longest diameter; LDH, lactate dehydrogenase; NMZL,
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Table 3. Summary of AEs and most common AEs (safety analysis set)

MAGNOLIA study (N = 68)

Any treatment-emergent AE 68 (100.0)

Grade ≥3 AE 33 (48.5)

Serious AE 30 (44.1)

AE leading to dose reduction 0

AE leading to dose interruption 25 (36.8)

AE leading to treatment discontinuation 5 (7.4)

AE leading to death 5 (7.4)

Any grade AE occurring in ≥10% of patients

Contusion 16 (23.5)

Diarrhea 15 (22.1)

Constipation 12 (17.6)

Arthralgia 10 (14.7)

Pyrexia 10 (14.7)

Upper respiratory tract infection 9 (13.2)

Back pain 8 (11.8)

Nausea 7 (10.3)

Cough 7 (10.3)

Grade ≥3 AEs occurring in at least 2 patients

Neutropenia 6 (8.8)

COVID-19 pneumonia 4 (5.9)

Diarrhea 3 (4.4)

Pneumonia 3 (4.4)

Syncope 3 (4.4)

Anemia 2 (2.9)

Hypertension 2 (2.9)

Neutrophil count decreased 2 (2.9)

Pyrexia 2 (2.9)

Thrombocytopenia 2 (2.9)

Most common AEs are any grade AEs occurring in >10% of patients and grade ≥3 AEs
occurring in at least 2 patients.
Data are n (%).

Table 4. Summary of AEs of special interest (safety analysis set)

AE of special interest

MAGNOLIA study (N = 68)

Any Grade AE Grade ≥3 AE

Any AE of special interest 54 (79.4) 23 (33.8)

Infections 38 (55.9) 15 (22.1)

Opportunistic infections 3 (4.4) 2 (2.9)

Bleeding 28 (41.2) 1 (1.5)

Major hemorrhage* 1 (1.5) 1 (1.5)

Second primary malignancies 5 (7.4) 3 (4.4)

Skin cancers 2 (2.9) 0

Neutropenia† 11 (16.2) 8 (11.8)

Thrombocytopenia‡ 11 (16.2) 3 (4.4)

Anemia 4 (5.9) 2 (2.9)

Hypertension 3 (4.4) 2 (2.9)

Atrial fibrillation/flutter 2 (2.9) 1 (1.5)

Ventricular arrhythmia 1 (1.5) 0

Data are number (%).
*Defined as any serious or grade ≥3 bleed at any site, or central nervous system bleed of

any grade.
†“Neutropenia” included the terms “neutropenia” and “neutrophil count decreased.”
‡“Thrombocytopenia” included the terms “thrombocytopenia” and “platelet count

decreased.”
Of the 5 (7.4%) patients who developed second primary malig-
nancies, 2 (2.9%) developed skin cancer (both had a prior history
of skin cancer), 1 (1.5%) had a recurrence of bladder/prostate
cancer, 1 (1.5%) with a preexisting thyroid mass was subse-
quently diagnosed with papillary thyroid cancer, and 1 (1.5%) who
previously received alkylating agents developed acute myeloid
leukemia.

Serious AEs were reported in 30 (44.1%) patients; those occurring
in >1 patient included COVID-19 pneumonia (n = 4 [5.9%]),
pneumonia (n = 3 [4.4%]), pyrexia (n = 3 [4.4%]), syncope (n = 2
[2.9%]), and fall (n = 2 [2.9%]). Twenty-five (36.8%) patients had
treatment interruption because of AEs. The median duration of
treatment interruption was 22.0 days (IQR, 6-53) and the most
common AEs leading to treatment interruption were COVID-19
pneumonia (n = 4 [5.9%]) and neutropenia (n = 3 [4.4%]).

Five (7.4%) patients discontinued treatment because of AEs (all
fatal), including 2 (2.9%) cases of COVID-19 pneumonia,
myocardial infarction in a patient with a history of coronary artery
6808 OPAT et al
disease, acute myeloid leukemia in a patient with prior exposure to
an alkylating agent, and septic encephalopathy after radical cys-
tectomy in a patient diagnosed with recurrent bladder/prostate
cancer.

Discussion

Advanced-stage MZL is a generally incurable disease character-
ized by a continuing pattern of relapse and remission.20,21

Although immunotherapy (such as rituximab) and chemo-
immunotherapy are standard treatments for R/R MZL,3 treatment
outcomes are generally poor because of inadequate response
and/or toxicities.22,23 Targeted oral therapies such as ibrutinib
and lenalidomide have provided treatment alternatives; however,
these agents have a limited duration of benefit, in part because of
suboptimal tolerability.6,7,22 This highlights the need for regimens
with fewer toxicities, better tolerability, and durable disease
control.

The primary analysis of the MAGNOLIA study, with a median
follow-up of 15.7 months, showed that the primary end point was
met with an IRC-assessed ORR of 68.2%, which was substantially
higher than that of the null hypothesis. These results led to the
global approval of zanubrutinib for the treatment of R/R MZL.12-14

With a median follow-up of 28.0 months, this final MAGNOLIA
analysis confirms that zanubrutinib is an efficacious, generally well-
tolerated treatment in patients with R/R MZL, thereby supporting
its use as a chemotherapy-free therapeutic option. The IRC-
assessed disease response remained high regardless of imaging
modality, with an ORR of 68.2%, a CR of 25.8% by PET and/or CT,
and an ORR of 66.7%, with a CR of 24.2% by CT only. Of note, 13
(19.7%) patients with stable disease remained on treatment after
>18 cycles of zanubrutinib. In addition, 42.9% (12 of 28) of
patients with a best response of PR had radiographic evidence of
28 NOVEMBER 2023 • VOLUME 7, NUMBER 22



CR; however, they were missing repeat BM examination or
endoscopy required for CR confirmation as per the protocol.
This high ORR was generally consistent across MZL subtypes
and prespecified subgroups, including patients who were char-
acterized as difficult to treat such as those with advanced age
and advanced-stage MZL.19 These updated results provide
additional evidence of the durability of disease control provided
by zanubrutinib, with 72.9% of responders maintaining remission,
70.9% remaining progression-free and alive, and an OS rate of
85.9% at 24 months. In addition, a numerically higher PFS rate
at 24 months was observed in patients who attained CR vs
those who did not attain a CR (87.4% vs 64.7%). This finding
suggests that achieving a CR may be indicative of longer
remission and survival in MZL. Further research with larger
sample sizes may be warranted to investigate this observation,
and if confirmed, achieving a high CR rate could be considered
an efficacy end point in future trials of R/R MZL.

In the correlative biomarker substudy, mutations in genes associ-
ated with the NF-κB pathway (MYD88 and TNFAIP3 mutations)
appeared to lead to an improved PFS, whereas acquired BTK and
PLCy2 mutations appeared to herald disease progression.18

Similar to the efficacy data, the safety profile of zanubrutinib in this
final analysis remained consistent with that observed during the
primary analysis, as well as in pooled safety analyses of zanu-
brutinib.8,11 No patients required dose reduction, and treatment
discontinuations because of AEs were infrequent (7.4%). Although
the study enrolled predominantly patients who were older with
preexisting comorbidities, the incidence of cardiac events,
including hypertension and arrhythmias, was low, with none leading
to treatment withdrawal. Notably, the incidence of cardiac events
did not increase with longer treatment. Bleeding events were
uncommon, with only 1 grade 3 GI bleed reported in a patient
receiving concomitant anticoagulant therapy. Anemia, neutropenia,
and thrombocytopenia were also infrequent and manageable with
supportive care; only 3 patients had treatment interruptions
because of neutropenia and none of the cytopenia events led to
treatment withdrawal.

The favorable toxicity profile observed in this study is consistent
with zanubrutinib’s greater selectivity for BTK compared with
earlier-generation BTK inhibitors.24 By comparison, a phase 2
ibrutinib study reported grade ≥3 infections in 22%, atrial fibrillation
in 8%, grade ≥3 bleeding events in 3%, and serious AEs in 46% of
patients; 17% of patients discontinued treatment because of AEs.7

These findings are consistent with the results of a pooled analysis
of 2 head-to-head studies of zanubrutinib and ibrutinib for the
treatment of B-cell malignancies, which demonstrated a fourfold
lower incidence of atrial fibrillation in patients receiving zanubrutinib
vs those receiving ibrutinib.8 In addition, the response rates for
zanubrutinib in this study also compare favorably with ibrutinib
(ORR 68% vs 48%, respectively; CR rate of 26% vs 3%, by
independent review).6

Certain limitations should be considered when interpreting the
MAGNOLIA study data. The single-arm design of the study, as
well as the small number of patients in some subgroups, may limit
efficacy and safety comparisons with similar research. Neverthe-
less, the consistently high response rates seen across MZL
subtypes and prespecified subgroups support the primary
findings.
28 NOVEMBER 2023 • VOLUME 7, NUMBER 22
Conclusions

The final analysis of the MAGNOLIA study shows that, in patients
with R/R MZL, zanubrutinib provides durable disease control with a
favorable safety profile. Compared with the primary findings, there
were no additional late-onset toxicities and no new safety signals
observed after longer treatment duration and follow-up. The recent
approval of zanubrutinib offers a new treatment option for patients
with R/R MZL.
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